Nitrogen composition of the grape must has an impact on yeast growth and fermentation kinetics as well as on the organoleptic properties of the final product. In some technological processes, such as white wine/rosé winemaking, the yeast-assimilable nitrogen content is sometimes insufficient to cover yeast requirements, which can lead to slow or sluggish fermentations. Growth is nevertheless quickly restored upon relief from nutrient starvation, e.g. through the addition of ammonium nitrogen, allowing fermentation completion. The aim of this study was to determine how nitrogen repletion affected the transcriptional response of a Saccharomyces cerevisiae wine yeast strain, in particular within the first hour after nitrogen addition. We found almost 4800 genes induced or repressed, sometimes within minutes after nutrient changes. Some of these responses to nitrogen depended on the TOR pathway, which controls positively ribosomal protein genes, amino acid and purine biosynthesis or amino acid permease genes and negatively stress-response genes, and genes related to the retrograde response (RTG) specific to the tricarboxylic acid (TCA) cycle and nitrogen catabolite repression (NCR). Some unexpected transcriptional responses concerned all the glycolytic genes, March 21, 2019 1/15 carbohydrate metabolism and TCA cycle-related genes that were down-regulated, as well as genes from the lipid metabolism. 2 changes in nutrient availability. Nitrogen limitation is one of the most frequent 3 limitations observed during wine fermentation [1]. The actual nitrogen content in must 4 is dependent on many factors including rootstock, grape variety, climate, vine growing 5 conditions, and grape processing. In enological conditions, musts are considered as 6 nitrogen-limited when the yeast assimilable nitrogen (YAN) content is below 150 7 mg/L [1]. YAN is a major factor influencing fermentation kinetics, the maximal 8 fermentative rate being related to the nitrogen level in the must [1]. In most cases of 9 sluggish fermentations, nitrogen depletion quickly results in cells entering stationary 10 phase. This phenomenon is not related to a decrease in viability, but could rather be 11 related to a catabolic inactivation of the hexose transporters [2] or to lower protein 12 synthesis and cell protein content [3]. Other physiological changes such as autophagy, 13 nitrogen recycling systems and the reorientation of the carbon flux to promote glycogen 14 and trehalose storage have also been observed at the onset of nitrogen starvation [4]. In 15 addition, the transcriptional remodeling associated with the onset of starvation during 16 wine alcoholic fermentations has been described [3], including the development of a 17 general stress response. These transcriptional changes are mostly controlled by the 18 TOR pathway, sensing cell nitrogen status and adapting nitrogen metabolism to 19 nutrient availability [5, 6]. Nitrogen limitation stably arrests the cell cycle in G 1 /G 0 , 20
The yeast cell Saccharomyces cerevisiae is able to control its growth in response to particle counter (Coulter counter, Beckman Coulter). Preliminary experiments have 48 shown that, under this condition, cells were starved for nitrogen (i.e. reached stationary 49 phase) after 42 h when 14 g of CO 2 has been released [7, 12] . Some cells were collected 50 at this stage as controls (t = 0), then diammonium phosphate (DAP, (NH 4 ) 2 HPO 4 ) was 51 added to the culture medium (300 mg/L final concentration), after removing an Labeling and microarray processing 58 Total RNA extraction was performed with Trizol reagent, and purified with RNeasy kit 59 (Qiagen). Spike-in RNAs were added to 100 ng total RNA using the One-color RNA 60 Spike-In kit (Agilent Technologies) and Cy3-labeled cRNAs were synthesized using the 61 Low Input Quick Amp Labeling kit (one-color, Agilent Technologies). Labeled probes 62 were purified with RNeasy kit (Qiagen). Quality and quantity of RNA were controlled 63 at each step by spectrometry (NanoDrop 1000, Thermo Scientific). Labeled cRNA were 64 hybridized to custom 8x15K microarray (Agilent Technologies) containing the Yeast V2 65 probe-set (Agilent ID: 016322) together with 39 probes corresponding to Saccharomyces 66 cerevisiae EC1118 specific genes [13] . This design was registered in the Gene Expression 67 Omnibus (GEO) repository under platform accession number GPL17690. 600 ng of Instruments). Data normalization and statistical analysis were performed using R 73 software [14] and the limma package [15] . Normalization was performed by the quantile 74 method considering all arrays. The resulting absolute expression levels were expressed 75 as logarithm (base 2) for each time and replicate. The data were deposited in GEO 76 under accession number GSE116766 (also available in S1 Table) .
77

Statistical analysis 78
Normalized data were first converted to fold changes relative to expression at t = 0, 79 then we analyzed changes over time using a regression based approach to find genes 80 with temporal expression changes (S2 Fig) . We defined a binomial regression model for 81 each gene expression over 5 time points: (biological process) using GO Term Finder [16] with the multiple test correction of 96 Benjamini Hochberg.
97
Results and Discussion
98
Changes in fermentation kinetics after nitrogen repletion 99 We investigated the very early events occurring after relief of nitrogen starvation in a 
